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In t r o d u c t io n
The change in the absorption spectrum of cobalt chloride in aqueous solution with increasing concentration of hydrochloric acid at constant temperature (20°C) has already been investigated.* It was shown that with increasing concentration of acid up to 5N HC1, no blue constituent was formed. The cobalt atom, therefore, retains its six grouping over this range. The effect of increasing acid concentration is to replace two molecules of water by two atoms of chlorine:
[Co(H20 )6r -[Co(H20 ) 4C12], With further increasing concentration of acid, the blue constituent is rapidly produced. The relation becomes linear at 7 -IN and is complete at 9N. The transition from red to blue, from six grouping to four grouping, therefore occurs in two stages:-[Co(H20 ) 4C12] -> [Co(H20)C13]' -[CoCl4]".
The relative numbers of chlorine atoms to water molecules at these three critical concentrations of acid are in the same ratio as the numbers of chlorine atoms in the corresponding complexes, viz., 2 :3 :4 .
A phase-rule study of the system CoCl2-HC1-H aO shows the exis tence of only two hydrates,f CoC126H20 and CoC122H20 , but the composition of the solid phase separating from solution is not necessarily any indication of the groupings actually present in solution. There is strong evidence for the existence of the complexes postulated.* The change of colour of cobalt solutions from red to blue on heating is well known and many observations have been made on the transformation. The conclusions, based on observation of the colour change by the unaided eye, are often entirely erroneous since, as we have shown, the blue constituent is over ninety times as intense as the red, so that a solution which appears quite blue may, in fact, be composed chiefly of the red constituent. Thus it will be seen from the present investigation that, although the transformation appears complete to the eye, it is impossible by change of temperature alone to convert even a fairly strongly acid solution of cobalt chloride from the wholly red to the wholly blue.
The absorption spectra of four solutions containing the same con centration of cobalt but different concentrations of hydrochloric acid have been measured over a wide range of temperature. Although the change in each solution is only partial, the four together cover the whole range of transformation giving a complete picture of the total change and confirming in remarkable detail the mechanism suggested in the previous investigation.
E x p e r im e n t a l
Solutions-The concentration of cobalt was the same as in the previous investigation, viz., 12 gm per litre of CoC126H20 . Kahlbaum's pure salt, free from iron and nickel, was used.
The cobalt chloride was made up with pure hydrochloric acid solution so that, for the first series, the whole was 4 -ON with respect to HC1 thus yielding a solution which is known from the previous investigation to contain no blue constituent at 20° C. For the second series, the solution was 6 -ON where, it is similarly known, the conversion to blue by intro duction of the third chlorine atom into the complex has begun. For the third series, the solution was 6 • 5N where this conversion is more advanced. For the fourth series, the solution was 8 • 5N where the final stage (intro duction of the fourth atom of chlorine into the complex) is already well advanced at 20° C.
Four similar solutions containing hydrochloric acid only were prepared for use as compensating blanks in the other beam.
The concentrations of all the solutions were estimated by titration against standard sodium carbonate solution and standard silver nitrate solution. A check on the accuracy of all the measurements is obtained from the fact that the absorption spectra of these solutions at 20° C are identical with those of corresponding solutions in the previous investiga tion. "
Apparatus-Measurements of the absorption spectra were made with the same Hilger-Nutting spectrophotometer and readings taken every 5 my.as in the previous investigation.
The same accurately ground glass cells were also employed. They were first warmed in an air-oven to the working temperature, quickly filled with the solution which had also been attaining the same temperature in the thermostat, and then coated along the edges with cellulose acetate, which effectively prevented diffusion when the cells were subsequently placed in the thermostat.
A large thermostat provided at opposite ends with windows was used and at each working temperature the variation was less than ±0-01°.
The Absorption Spectrum o f Cobalt Chloride 35 D iscussion
The Principal Maxima-Typical curves showing the Bunsen extinction coefficient plotted against the wave-length have already been given.* For the wholly blue solution the curve exhibits maxima at 695 666 my, 626 my., and 610 my.;for the wholly red solution th are at 520 m y and 465 my.; for the solutions containing both constituents the curves are composite showing distinctly the characteristics of the blue and red.
Since the intensity of the blue form is so great compared with that of the red,f its absorption even at the maxima of the red form is appreciable even in the almost wholly red solutions. Correction for this cannot be applied with certainty; moreover, with increasing concentration of the blue form, the correction soon becomes excessively great compared with the total absorption of the red form. For this reason attention is con fined to the absorption of the blue form.
The extinction coefficient for each maximum was read from the curve. The values at each temperature for the two principal maxima 695 and 666 my. are given in Tables I to IV for the four solutions containing respectively 4 ON, 6 ON, 6-5N, and 8-5N HC1.
The values must be corrected for temperature. Apart from the change in constitution of the solution (with which this investigation is concerned) the expansion with increasing temperature results in a decreasing amount of cobalt in the fixed thickness of layer examined. The observed values must therefore be multiplied by a factor accounting for the increase in volume of the solution. For this purpose the density of the solution was determined at each working temperature and the correction factor is ex pressed with that for 20° C as unity.
The corrected values are also given in the tables and are plotted in fig. 1 .
It is seen that the curves for the two maxima are exactly similar in form, running practically parallel, exactly as they do with increasing concentration of hydrochloric acid at constant temperature.
It is readily seen from the curves that, for a given concentration of acid, the change from red to blue is limited even for a large increase in tempera ture. Thus with 4 -ON acid even at 80° C the amount of blue constituent is less than one-thirtieth the possible; with 6 ON acid it is less than onequarter even at 70° C and with 6 • 5N acid less than one-half at the same temperature.
The four curves together cover the whole range of the transformation which is seen to be precisely similar to that found in the previous investi gation with increasing concentration of hydrochloric acid at constant temperature.
Thus the initial portion of the 4 ON acid curve shows the first stagereplacement of two molecules of water by two atoms of chlorine, the cobalt atom retaining its six grouping and the complex remaining red. The final portion of the curve shows the beginning of the second stag eintroduction of the third atom of chlorine, the cobalt atom thus acquiring a four grouping and the complex becoming blue. The relative amount of blue constituent present even at 80° C is very small, although the solution appears quite blue to the eye. The previous observation of Howell* that with this concentration of acid the physical properties (density, viscosity, and electrical conductivity) of the solution exhibit no dis continuity with change of temperature is therefore fully substantiated.
The initial portion of the 6 -ON acid curve shows the continuance of the second stage over a wide range of temperature and the latter portion shows the beginning of the third stage-introduction of the fourth atom of chlorine into the complex. Fig. 1 i, 695 m \i 8*5N; ii, 666 m[i 8-5N ; iii, 626 m\L 8-5N ; iv, 610 m \i 8*5N;   v, 695 m(x and 666 m[x 6-5N; vi, 695  and 666 mjj. 6*ON; vii, 695 mpi and 666 mjx Similarly, the curve for 6-5N acid shows the progression of these two stages. In the presence of a greater concentration of hydrochloric acid, the third stage begins at a lower temperature and the conversion proceeds further. It is to be noted that with a sufficient concentration of acid, the amount of the blue constituent is a linear function of the temperature at constant concentration of acid just as it is of the concentration of acid at constant temperature. Finally, the curves for 8 *5N acid show the continuation and completion of the third stage. The linear portions of the curves for the 6-5N and 8 • 5N acid solutions are parallel within the limits of experimental error, showing that the change proceeding is the same in both.
As with increasing concentration of acid at constant temperature, so also here, the linear relation ceases abruptly and the absorption remains almost constant. The constant maximum value is practically the same as that found with increasing concentration of hydrochloric acid at con stant temperature. This is strong indication that in both instances the final complex produced is the same, viz., [CoCl4]". It is unlikely that another four grouping would have an almost identical absorption coefficient.
There are two very interesting facts that can be explained on the assumption that the absorption of the [CoCl4]" complex increases slightly with increasing temperature. The extinction coefficient at the completion of the last stage by addition of acid at 20° C was 22-0; now by increase of temperature the change is complete at 45° C and the extinction coefficient is 22-2, an increase of 0-2 for an increase of 25° C. Similarly, at constant temperature after the completion of the linear portion the curve becomes parallel to the axis of acid concentration, but in the present instance it shows a slight rise with increasing temperature. The value is 22-2 at 45° C and 22-4 at 70° C, also an increase of 0-2 for a further rise of 25° C. 1 0 0 0 1 0 0 1 0 0 6-55 6-55 30 1 0 0 4 11*6 11-6 7*7 7*7 40 1 010 12-9 13-0 8-4 8-5 45 1012 14*0 14-2 9-0 9-1 47-5 1013 14-2 14-4 9 0 9 1 50 1015 14-5 14-7 9*2 9-3 60 1020 14-6 14-9 9-4 9*6 70 1025 14 9 15-3 9*6 9-8
The Subsidiary Maxima-Further interesting information is obtained from a consideration of the other two maxima. The values of the extinction coefficient for the 8-5N acid solution at 626 m \j. and 610 are given in Table V and plotted (with the curves for all the principal maxima) in fig. 1 .
It was found previously that, with increasing concentration of acid at constant temperature (20° C), these two curves unlike those for and 666 my. did not end abruptly in a limiting value. All four curves were linear up to about the same concentration of acid (9 ON), but whereas the 695 m [a and 666 m y curves thereafter became parallel to the axis of acid concentration, the 626 m y .and 610 c ascend though no longer linearly. This led to the suggestion that the 695 m(a and 666 my. maxima were due to the two principal valences of the cobalt atom and the 626 m y and 610 maxima to the tw valences, which were further influenced by continued addition of acid owing to depression of ionization.
With increasing temperature and a fixed concentration of acid, how ever, there should be no such effect. All the curves should be similar beyond the point where the formation of the [CoCl4]" complex is com plete. It is seen that the 626 m y and 610 curves are same temperature as the 695 m y and 666 curves, and there is no further increase (apart from the temperature effect on the absorption also shown by the other curves). The final portions of all four curves are practically parallel. This is strong confirmatory evidence for the correctness of the view previously suggested.
S u m m a r y
The absorption spectra of four solutions containing a fixed amount of cobalt (12 gm of CoC126H20 per litre) in 4 ON, 6 -ON, 6-5N, and 8-5N aqueous hydrochloric acid solution, respectively, have been measured at a series of temperatures.
The extinction coefficients at the maxima of the two principal bands, 695 my and 666 m y ,have been plotted against the temperature. For any given concentration of hydrochloric acid, the extent of the transformation from red to blue, even over a wide range of temperature, is small compared with the total change previously investigated by increasing the concentration of hydrochloric acid at constant temperature.
The four curves together cover the whole range of the transformation and they are fully explained in terms of the theory previously advanced.
The extinction coefficients at the maxima of the two auxiliary bands, 626 m (a and 6\0m y, have been plotted against the temperature for the 8 • 5N hydrochloric acid solution in which the transformation reaches completion.
It has previously been shown that with increasing concentration of hydrochloric acid at constant temperature, the curves for these two bands continue to rise beyond the concentration at which those for the two principal bands have reached constancy, and this was attributed to the effect of depression of ionization on the two auxiliary valences. With a given concentration of acid the curves for the two auxiliary bands reach constancy at the same temperature as those for the two principal bands, since the degree of ionization is not greatly affected by change of tempera ture.
Calcium Sulphate Hemihydrate and the Anhydrites I-Crystallography 
In t r o d u c t io n
An extensive literature has grown around the subject of calcium sulphate, embracing work prompted not only by the technical importance of plaster of Paris but also by the peculiar inter-relations between the several forms of calcium sulphate. The dihydrated salt (gypsum, selenite) and the orthorhombic anhydrous salt (anhydrite) have long been known as common minerals and their chemical and crystallographic characters are well established. About the hemihydrate (plaster of Paris) and the active, hard-setting anhydrous modification (soluble anhydrite), which do not occur in nature, there is less certainty. Agreement has so far not been reached upon these substances as crystal species, nor yet upon the nature of the changes by which they pass one into another and into the stabler modifications. Conflicting statements are, moreover, to be found in the literature as to whether there are polymorphs of each of the above-named substances, and if so, how many.
T he H em ihydrate C rystal
Since the substance was first isolated* in the form of prismatic crystals, not exhaustively examined, various authors have prepared and described
